Group contingencies are recognized as a potent intervention for addressing challenging student behavior in the classroom, with research reviews supporting the use of this intervention platform going back more than four decades. Over this time period, the field of education has increasingly emphasized the role of research evidence for informing practice, as reflected in the increased use of systematic reviews and meta-analyses. In the current article, we continue this trend by applying recently developed between-case effect size measures and transparent visual analysis procedures to synthesize an up-to-date set of group contingency studies that used single-case designs. Results corroborated recent systematic reviews by indicating that group contingencies are generally effective-particularly for addressing challenging behavior in general education classrooms. However, our review highlights the need for more research on students with disabilities and the need to collect and report information about participants' functional level.
Article
Classroom management remains among the greatest challenges confronted by school personnel (Hoglund, Klingle, & Hosan, 2015) . Disruptive and off-task behaviors can have a broad impact on the academic and social performance of individual students as well as their classrooms (Pas, Cash, O'Brennan, Debnam, & Bradshaw, 2015) . These concerns have contributed to systematic lines of classroom management research aimed at identifying effective methods for creating contexts to support student learning (Emmer & Sabornie, 2015) . With the advent of the evidence-based practice movement within education, these classroom management methods have increasingly become the focus of experimental research, with the goal of establishing their effectiveness and determining for whom and under what conditions they are most likely to work (Kratochwill, Altschaefl, Bice-Urbach, & Kawa, 2015) . Perhaps the most widely researched and experimentally tested classroom management intervention has been the group contingency (Simonsen, Fairbanks, Briesch, Myers, & Sugai, 2008; Stage & Quiroz, 1997) . Indeed, research reviews dating back four decades have demonstrated that group contingencies are an effective intervention for addressing the classroom behavior of students (e.g., Litow & Pumroy, 1975; Theodore, Bray, Kehle, & Dioguardi, 2004) . Despite these positive results, there remains a need to examine the group contingency research base to ensure that the most accurate and current information is being disseminated and provide more nuanced and detailed analysis of variables that influence their efficacy.
Group Contingency Interventions
The challenges associated with managing student behavior have led to the development of a number of strategies and methods to systematize the implementation of effective practices (Korpershoek, Harms, de Boer, van Kuijk, & Doolaard, 2016) . Among the most widely researched classroom management strategies available is the group contingency, in which students receive a predetermined preference item or activity contingent on the behavior of one or more students in a group (Little, Akin-Little, & O'Neill, 2015) . More specifically, students receive these rewards based on whether a subset of students is able to meet predetermined behavioral expectations (Chow & Gilmour, 2016) . For 716900R SEXXX10.1177/0741932517716900Remedial and Special EducationMaggin et al.
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1 The University of Illinois at Chicago, USA 2 The University of Texas at Austin, USA 3 University of California, Riverside, USA instance, a group contingency intervention might provide students with an opportunity to engage in a preferred game if there are fewer than five disruptions during a particular period such as math or language arts.
From the principles of operant conditioning, group contingencies are effective because the behavior of individual students is conditioned through the delivery of a positive consequence for meeting a set of specified expectations (Hanley & Tiger, 2011) . Moreover, group contingencies have a well-defined antecedent event through formally communicated start and end points, which signal that the behavioral expectations and potential for earning the positive consequences are in effect (Cooper, Heron, & Heward, 2007) . Based on behavioral learning theory, therefore, students learn to respond in accordance with the expectations because doing so results in a positive consequence. The association between the initiation of the group contingency and the outlined expectations grows stronger over time as students learn the responses that will and will not lead to the reward. The implementation of an intervention with clear procedures can have the added benefit of enhancing the positive perception of the intervention by implementers as well (Briesch, Briesch, & Chafouleas, 2015) .
As previously noted, the group contingency is among the most widely researched classroom management interventions (Simonsen et al., 2008) . Several research teams have examined the corpus of research to evaluate the evidence base and to provide recommendations regarding the contexts in which group contingencies are most likely to work. Over time, these reviews have become increasingly systematic as methodologies have developed and perspectives have evolved to embrace an evidence-based perspective. One of the first, and most widely cited, reviews was by Litow and Pumroy (1975) , who provided a narrative overview that sought to determine which specific procedures were most effective. A primary conclusion of this review was the need for additional research to inform the selection of particular intervention methods and to determine the contexts to which findings would generalize. Other narrative reviews on group contingencies have drawn similar conclusions-that the intervention has a number of inherent strengths and that the evidence was strong, but that more research was needed to make statements regarding for whom they work best and why (Theodore et al., 2004) .
With the increasing emphasis on evidence-based practice, subsequent efforts to review the research on group contingencies have used increasingly systematic methods. Building on previous narrative approaches, recent reviews have provided careful consideration of both methodological issues and those related to determining the students and contexts to which group contingencies apply. For instance, Little et al. (2015) conducted a systematic review to evaluate the overall strength of the evidence. Using the withincase standardized mean difference (SMD) index (Busk & Serlin, 1992) , the authors reported effect size information for each included study, as well as descriptive summaries of those effect size indices. Their findings indicated that group contingencies were effective for a range of student populations, outcomes, and contexts.
Despite the general support for group contingencies, however, there continues to remain a need for greater clarification regarding the particular functional and environmental characteristics that predict successful generalization (Maggin, 2015) . In an earlier effort to address these issues, Maggin, Johnson, Chafouleas, Ruberto, and Berggren (2012) conducted a review focusing explicitly on the use of group contingencies to address student disruptive and academic engagement behaviors in classroom settings. The authors also calculated a variety of effect size metrics to characterize the magnitude of treatment effects and synthesized effects across studies using multilevel models. Findings of this review again indicated that the research base underlying group contingencies was robust but also that-similar to the conclusions of Litow and Pumroy (1975) -there remained insufficient information to determine the contexts and students to whom the intervention could be expected to generalize.
Review Purpose and Research Questions
The current update serves two purposes. The first purpose is to ensure the inclusion of the most current research on group contingencies. Consideration of new research is potentially important for several reasons, including supporting or refuting current conceptualizations of evidential support and providing additional insight into the populations and conditions to which an intervention might generalize. The second purpose was to apply new methods for reviewing and meta-analyzing single-case research. Application of novel methods allows for the identification of strengths and weaknesses while also providing an opportunity for corroboration of the results from previous reviews based on earlier methods. With these purposes in mind, the present study pursues the following research questions:
Research Question 1: Does the inclusion of studies published since the earlier review provide additional evidence either in support of or in contrast to previous research? Research Question 2: Does the inclusion of studies published since the earlier review provide additional insight into the conditions that might promote generalization? Research Question 3: Do novel meta-analytic procedures produce similar results to those previously used with this body of research?
Research Question 4: Do selected moderator variables provide evidence of systematic variation in the magnitude of intervention effect? Research Question 5: What are some considerations for further development of meta-analytic methods for single-case research?
Method
The methods for identifying and searching for relevant studies, coding descriptive and methodological information, and extracting data for analyses replicated those reported in Maggin et al. (2012) . Because of this overlap, we provide only a brief summary of these parts of the method. Full operational details are available in an earlier, working version of this article (Maggin, Pustejovsky, & Johnson, 2017) .
Study Identification Procedures
The research reports were identified using a three-stepprocess. First, candidate reports were located through an electronic database search of six educational and social science databases, including the Educational Resources Information Center (ERIC), Proquest Dissertation Abstracts, PsychINFO, PubMed, Scopus, and Sociological Abstracts. Keywords included group contingency and contingency management to retrieve the greatest number of returns. Second, the research team conducted an ancestral search of the reference lists of eligible studies. Third, the citation lists of relevant review articles published since the initial review were examined (e.g., Little et al., 2015) . The search was completed on January 1, 2017.
Inclusion Criteria
The following six criteria were used to determine whether research reports were eligible for inclusion. First, the study had to be conducted no earlier than 1960. Second, the study had to be a single-case research investigation of a group contingency intervention. Group contingency interventions were defined as behavioral management systems in which reinforcement or punishment was delivered to a group of students based on the performance of one or more students in the class (Barrish, Saunders, & Wolf, 1969; Heering & Wilder, 2006) . Third, the study the research included only students in kindergarten to the 12th grade. Fourth, the research had to be conducted during classroom instruction. Fifth, studies included students demonstrating behavioral problems, with or without disabilities; studies of students with cognitive or severe disabilities were excluded. Sixth, the dependent variable had to be a directly observable behavior related to problematic classroom performance such as social interactions, academic engagement, or disruptive behaviors. Figure S1 in the supplementary materials provides a schematic overview of the search process for the updated review, including the total number of studies and cases identified through the database search and the reasons for discarding ineligible studies.
Study Coding Procedures
The studies were reviewed to assess methodological rigor and evidential strength and to inventory essential characteristics of the research participants, settings, and intervention. Coders included two individuals with a doctoral degree and one individual with a master's degree in school psychology. Both doctoral-level coders had experience conducting systematic reviews of single-case research, carrying out primary single-case research, and teaching master's level courses on single-case design and applied behavior analysis. The master's level coder had taken classes in singlecase design methods and behavior analysis prior to starting the coding process.
Evidence Evaluation
Design standards. The What Works Clearinghouse (WWC) procedures for evaluating single-case research (Kratochwill et al., 2013) were the primary method used to evaluate the rigor of included studies. The first step was to assess each study on the design criteria including (a) the systematic manipulation of the independent variable, (b) repeated collection of the dependent variable, (c) collection of interobserver agreement for at least 20% of sessions and an average of 80% agreement, (d) the presence of three opportunities to demonstrate the intervention effect, and (e) the presence of three or more data points per phase. Failure to meet any of these standards resulted in the study being classified as not meeting design standards. Moreover, cases with fewer than 3 points in any phase were classified as not meeting design standards, those with 3 or 4 points in any phase were classified as meeting design standards with reservations, and those with 5 or more data points in all phases were classified as meeting design standards.
Evidence standards. For cases meeting design standards with or without reservations, structured visual analysis was conducted to determine whether a functional relation was demonstrated. Specifically, the visual analyses were supported through the application of the visual analysis summary protocol described in Gast and Spriggs (2014) . The summary protocol addresses a range of data properties commonly considered when conducting visual analyses, including information relating to both within-and betweencondition data patterns as specified within the WWC evidence standards. Protocols were produced from the raw data using R syntax (Johnson, 2016) . Each visual analyst used the information from the within-and between-phase assessments to independently determine whether there was a functional relationship. Visual analysts completed the analyses independently and came to a conclusion regarding the overall strength of the evidence using the WWC classifications of (a) meets evidence standards, (b) meets evidence standards with reservations, or (c) does not meet evidence standards.
Study characteristics coding.
Following the application of the WWC evidence standards, the group of studies meeting evidence standards was reviewed along several dimensions, including information pertaining to (a) a series of methodological aspects that were not addressed within the evidence evaluation protocol but remain important for understanding the overall quality of evidence, (b) various characteristics of the research participants and settings in which the research took place, (c) various aspects of the independent variable and the manner in which it was operationalized and implemented within each study, and (d) features of the dependent variables within each study. Coding procedures were the same as those reported in Maggin et al. (2012) . Interested readers are referred to an earlier version of this article (Maggin et al., 2017) for further details.
Meta-Analysis Procedures
The visual analyses conducted were supplemented with the application of meta-analysis to assess the magnitude and consistency of the intervention effects. Data from each study were analyzed using two recently developed between-case, standardized mean difference (BC-SMD, also known as "DHPS") effect size measures (Hedges, Pustejovsky, & Shadish, 2012 , 2013 Pustejovsky, 2013) , each of which is designed to produce an effect size index that is on the same scale as the SMD computed from a between-groups randomized experiment. The indices are premised on specific statistical models for the data from each single-case design and it is important to understand and evaluate the modeling assumptions upon which the effect size estimates are based. We therefore apply two distinct models-the "immediate effects model" and the "gradual effects model"-to examine the sensitivity of our findings under different assumptions.
Both of the effect sizes have technical limitations in that they require studies to have at least three participants within either a treatment reversal, multiple baseline, or multiple probe design. These requirements are necessary because the BC-SMD effect sizes involve between-participant variation in the outcome, which can only be estimated if the study includes multiple participants. Thus, the effect size estimates were computed for only a subset of the studies meeting the inclusion criteria outlined in the previous section. Both effect sizes were computed using the scdhlm package (Pustejovsky, 2016) for the R statistical computing environment.
Immediate effects model. BC-SMD effect sizes were first introduced by Hedges et al. (2012 Hedges et al. ( , 2013 for treatment reversal designs and across-participant multiple baseline/ multiple probe designs. The original version of the effect size is based on modeling assumptions that are appropriate for data patterns with stable baseline levels and abrupt level changes following the implementation of an intervention; we therefore describe it as the "immediate effects model." The modeling assumptions associated with this method include the following: (a) the dependent variable was measured on a continuous scale that is common across cases, (b) the baselines are stable and do not exhibit systematic time trends, (c) the intervention effect can be modeled as a change in the mean level of the outcome, (d) the intervention effect is homogeneous across cases, (e) the outcomes are normally distributed about case-and phase-specific mean levels, and (f) within each case, the outcomes follow a first-order auto-regressive process. The final assumption means that the model accounts for the possibility of autocorrelation in the measurements taken on each case. In light of these assumptions, the immediate effects model is best suited for data with stable data patterns across both baseline and intervention conditions.
Gradual effects model. Building on the initial development of the BC-SMD effect size index, Pustejovsky (2013) introduced a "gradual effects model" that relaxes two assumptions of the original model. First, the gradual effects model allows for the effects of the intervention to emerge gradually and to grow toward a new equilibrium level, rather than assuming that the full effect of intervention is immediate. This results in nonlinear time trends during intervention phases, as well as nonlinear trends during withdrawal phases of treatment reversal designs. Second, the gradual effects model allows for the full effect of intervention to vary across cases in a study, rather than assuming that the effect is homogeneous across cases. Compared with the immediate effects model, the more flexible assumptions requires more data (more cases, longer phases) to obtain accurate effect size estimates.
Meta-analysis method. The effect size estimates derived from the use of the immediate effects model and the gradual effects models were synthesized in separate meta-analyses. A subset of the studies examined the effects of group contingencies on multiple dependent variables in domains relevant to the purpose of this review, and so effect size estimates were computed for each dependent variable. A consequence of meta-analyzing multiple effect size drawn from the same study is that these estimates are not independent of each other. That is, effect size estimates drawn from the same participants-and using the same procedures-are likely to be more highly correlated than those based on data from other studies in the review. To account for the dependency among effect sizes based on the same set of participants, effect size estimates were synthesized using robust variance estimation (RVE) techniques, based on a correlated effects model (Hedges, Tipton, & Johnson, 2010) . This technique accounts for the correlation among effect sizes within the same study, and is also robust to the possibility that the sampling variances of the effect sizes are not accurately estimated. Given the relatively small number of included samples, small-sample adjustments to RVE were used to maintain close-to-nominal error rates for hypothesis tests and confidence intervals (CIs; Tipton & Pustejovsky, 2015) .
Heterogeneity and moderator analyses. Meta-analysis is concerned not only with questions of the average level of intervention effects, but also with the extent to which those effects vary across settings, participants, implementations of the intervention, and other factors. For the current study, we investigated variation in intervention effects in three ways. First, we used the estimated standard deviation of true effects (often called τ or "tau") and the I 2 statistic to quantify the degree of variability in the results across studies. The I 2 index provides an estimate of the proportion variability in effect size estimates that is associated with true heterogeneity of effects rather than sampling error alone (Higgins & Thompson, 2002) . Second, we conducted moderator analyses to investigate whether the variability across studies could be explained by conceptually relevant variables. Variables relating to various samples, intervention, and methodological characteristics were tested using metaregression models, again using RVE techniques and small-sample corrections. Finally, the research team investigated whether the evidence ratings were associated with effect size magnitudes. For these analyses, the research team had to apply a decision rule regarding the evidence classification for studies with cases meeting and not meeting evidence standards. As such, the research team categorized studies based on the most prevalent evidence classification. For instance, if the categorization of most cases in a study was not meeting standards, all cases were classified as not meeting standards. It is important to note that, although we planned to examine all variables described in the coding scheme, reporting issues and the subsequent lack of variation precluded the examination of some moderators.
Procedures for extracting graphed data. To compute effect sizes, data from each eligible case identified for the review were extracted using the digitization program WebPlotDigitizer (Rohatgi, 2014) . Data extracted from digitization software has been shown repeatedly to provide highly reliable and valid estimates from single-case research (Drevon, Fursa, & Malcolm, 2017; Flower, McKenna, & Upreti, 2016; Moeyaert, Maggin, & Verkullian, 2016) .
Interobserver Agreement
The research team randomly selected 50% of the included papers and computed interobserver agreement on the design standards, evidence standards, and coding scheme items. Calculation of the agreement indices included comparing responses on each item of the coding scheme and visual analysis rating and dividing by the total number of opportunities for agreement. The research team randomly selected 50% of the papers to calculate interobserver agreement. Results indicated strong agreement for each domain with 97% agreement on design standard classifications and 93% agreement on evidence standard classifications. For the coding scheme domains, the coders agreed on 96% of the items in the sample and setting characteristics domain, 89% of the items in the independent variable features domain, 93% of the dependent variable features domain, and 87% of the items for methodological quality. In the event of discrepancies, the lead author made the final decision in consultation with the master's-level coder.
Results

WWC Design and Evidence Evaluation
WWC design standards. Figure S2 in the supplementary materials presents the results of applying the WWC design standards. For studies with the individual as the unit of analysis, there were 229 cases considered across both the initial and updated reviews. Of these, 28 cases met design standards without reservations, 65 cases met design standards with reservations, and 136 did not meet design standards. The updated review resulted in the identification of one additional study meeting design standards with reservations (Ling, Hawkins, & Weber, 2011) . With this addition, 41% (n = 93) of the cases examining the effects of group contingency interventions at the student level were found to be eligible for the subsequent evidence evaluation. For studies with groups as the unit of analysis, 206 cases were eligible between the initial and updated review. Of these, 47 cases met design standards without reservations, 34 met design standards with reservations, and the remaining 125 did not meet design standards. As such, 39% (n = 81) of the grouplevel cases were eligible for the evidence review. The cases identified as part of the updated review were from 13 studies, bringing the total to 40 studies that contributed evidence in this review. Rodriguez and Anderson's (2014) study was included in the original review as a dissertation but was published in the interim. As such, we updated the citation and included it as part of the original review.
WWC evidence standards. The cases identified as meeting the WWC design standards with and without reservations were subjected to an evidence evaluation based on the principles of visual analysis. The metrics drawn from the Gast and Spriggs protocol were used to support the visual analysis process and inform determinations regarding the level of evidence provided by each case meeting design standards. Results of the visual analysis protocol developed by Gast and Spriggs (2014) are available in the supplementary materials. The results of the visual analyses correspond with the evidence evaluation in Figure S2 . For the 93 cases with individuals as the unit of analysis that met design standards, 25% (n = 23) met evidence standards without reservations, 55% (n = 52) met evidence standards with reservations, and the remaining 20% (n = 18) did not meet evidence standards. The updated review resulted in the addition of one study and one case providing evidence with reservations, with no other additions found for the other evidence categories. For 81 cases with the classroom as the unit of analysis, 35% (n = 28) met evidence standards without reservations, 55% (n = 45) met evidence standards with reservations, and the remaining 10% (n = 8) did not meet evidence standards. The updated review resulted in the addition of 13 studies and 37 cases providing evidential support for group contingencies as a classroom-level intervention. Table S1 in the supplementary materials presents the methodological characteristics of studies meeting the WWC evidence standards with or without reservations, from both the initial and current reviews. The studies identified as part of the updated review consistently addressed many of the methodological domains sampled. Methodological strengths across these studies included providing operational descriptions of the independent and dependent variables, using rigorous interobserver agreement procedures, and having adequate information and data stability for baseline phases. Moreover, the studies identified as part of the update represented a collective improvement in some areas over those included in the original review. Specifically, nearly all of the studies included an assessment of procedural fidelity and a majority reported on social validity data. Results from these measures generally indicated that intervention fidelity was high and that implementers found the procedures useful and easy to put into practice. Consistent with the methodological evaluation reported in the initial review, three areas were identified that might benefit from more attention including (a) reporting clear selection criteria for the students and classrooms, (b) providing additional information on the environmental conditions during baseline such as the particular management activities in place and a conceptual rationale for why current management practices are not working, and (c) the inclusion of generalization and maintenance phases to determine whether the intervention procedures can be applied to other settings or behaviors, or to evaluate the sustainability of the intervention without additional support.
Methodological Characteristics
Study and Case Characteristics
The studies, and their respective cases, meeting evidence standards with and without reservations were reviewed to determine the conditions under which the intervention could be expected to generalize. Table 1 provides an overview of study-level information for those studies providing evidential support with those included in the initial review and those identified as part of the update designated. The following sections provide an overview of the combined results of the initial review and the update. As with the original review (Maggin et al., 2012) , the student characteristics for individual-and group-level analyses are reported separately to better understand the conditions for generalization for these different units of analysis. Because there was no procedural variability within studies, the other domains used to describe the operational procedures of group contingencies within the literature were reported at the study level. To distinguish between levels, we use n to denote the number of cases and k to denote the number of studies.
Individual characteristics. For studies examining the effects of group contingencies on individual-level performance, the average age of participants was 9.11 (SD = 2.46). Participants were drawn from first through 10th grades with a median grade level of fourth grade, a majority of students were male (n = 56, 75.42%), and the most common setting was general education (n = 48, 63.63%). In terms of the other demographic variables, there was considerable underreporting, with fewer than 60% of the studies examining the individual as the unit of analysis providing information on student ethnicity, academic achievement, disability, or primary language. As such, readers are cautioned to interpret these findings carefully and these characteristics are presented here as the proportion of cases reporting on these demographic domains rather than as an overall percentage of all cases. With these caveats, it was found that most students in these studies were White (n = 27, 60%) with moderate (n = 16, 53%) or low (n = 14, 47%) levels of academic achievement. Moreover, the most prevalent disabilities in studies with the individual as the unit of analysis were attention deficit disorders (n = 10, 37%) and emotional and behavioral disorders (EBD; n = 10, 37%). None of the studies reported the primary language of the students. In terms of the update, these findings are largely the same as those reported in the original Maggin et al. (2012) review.
Group-level characteristics.
For studies examining the effects of group contingencies on group-level behaviors, the mean age of the classroom-level samples providing evidential support was 12.73 (SD = 2.90). One of the studies identified through the update provided an average age, although authors did universally report grade levels. The median grade of the classroom-level studies was third, with Note. MBD = multiple baseline design; N/R = not reported; SPED = special education.
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classrooms from kindergarten through 10th grade included. These classroom samples tended to have a greater proportion of male students (M = 55.83%, SD = 23.38), with the most common setting being general education (n = 24, 86%). Similar to the individual-level findings, the reporting for other demographic variables occurred in fewer than 60% of the reports and therefore careful interpretation is warranted. For these analyses, the results represent the findings from those studies reporting on these outcomes and should not be interpreted as reflective of all cases. As such, the classroom samples reporting on these outcomes tended to include more White students (58.40%, SD = 20.38) and moderate levels of academic achievement (n = 20, 80%). Few studies provided information on the proportion of students with disabilities, although three studies focused primarily on students with EBD and four were comprised exclusively of students with learning disabilities. The primary language of the sample was not reported in any of the studies.
Independent variable features.
Regarding intervention format, most of the studies used group contingencies that drew on interdependent procedures (k = 34, 85%). The primary implementer was most often the teacher (k = 35, 88%), with other studies using peers (k = 1, 3%), paraprofessionals (k = 1, 3%), and members of the research team (k = 3, 9%). Training was described in more than half of the studies (k = 23, 58%). Most of the group contingencies were implemented in conjunction with additional procedures (k =29, 73%), with the most common of these being the use of student feedback or self-monitoring procedures (k = 13) and modeling of the rules (k = 11). Rewards were delivered on a varying time schedule, with some studies providing immediate access (5 = 29, 73%) while the remaining studies indicated delaying delivery until a later time such as the end of the day. The group contingency interventions were implemented for an average of 47.95 min (SD = 56.30), with a range of 15 to 360 min. The study in which the intervention was implemented for 360 min was a substantial outlier, with the next closest time being 90 min. Regardless, the selection of time periods tended to correspond to a specific class period, such as math or language arts (k = 21, 53%) rather than to particular activities (k = 11, 28%), a specific length of time (k = 7, 18%), or the whole day (k = 1, 3%).
Dependent variable features.
The dependent variables were predominantly related to disruptive behaviors (k = 22, 55%) rather than issues of academic engagement (k = 5, 15%), with the remaining studies including outcomes for both (k = 13, 33%). In addition, the majority of these operational definitions were defined to include less severe behavior (k = 37, 93%), with the remaining studies focusing on more intense behaviors such as aggression and verbal abuse. Data were most often collected using interval recording systems such as partial interval (k = 15, 38%) or momentary interval recording (k = 13, 33%), with other studies using event recording procedures (k = 11, 28%) or durational measures (k = 1, 3%). Most studies employed paper and pencil methods to collect the data (k = 35, 88%).
Meta-Analytic Results
Included cases. As noted previously, the techniques used to compute effect sizes could be applied only to studies that included three or more individual cases. Consequently, a number of studies had to be excluded from the meta-analytic sample. The cases providing evidence were from 40 studies that met design standards with or without reservations. Of these, 27 studies (68%) included a sufficient number of individual cases to compute BC-SMD effect sizes. Table S2 in the supplementary materials reports the specific studies included and excluded from the meta-analysis. Table S3 in the supplementary materials reports detailed results from the moderator analyses. The supplementary materials also include the machine-readable files containing raw data for each included study; effect size estimates, variances, and other associated information from each study, for both the immediate effects model and the gradual effects model; and computer code (written in R) for replicating all of the calculations and results.
Immediate effects model estimates. Table 2 includes the overall effect size estimates based on the immediate effects model, the estimates for each evidence classification, and an estimate for those studies that met evidence standards with and without reservations. Figure 1 presents a forest plot of these effect size estimates. Results are presented separately for disruptive behaviors and academic engagement. For the immediate effects model, the average effect size for disruptive behaviors was estimated as d = 1.95, 95% CI = [1.56, 2.34], p < 0.001. According to this estimate, the intervention led to average improvements of nearly a two-standard deviation over baseline levels. In addition, effects from individual studies were highly heterogeneous, with an estimated between-study SD of 0.74 (I 2 = 65%). Each level of evidence was associated with a progressively larger average effect size.
The average effect size for academic engagement outcomes was d = 1.80 95% CI = [1.36, 2.25]. These estimates indicate that intervention led to improvements in engagement of nearly 2.0 standard deviations over baseline levels. The effects were heterogeneous, with an estimated betweenstudy SD of 0.62 (I 2 = 58%). The effect size estimates associated with each level of evidence were not linear; rather, those meeting with reservations were larger than those meeting without reservations. Both estimates, however, were larger than those from studies classified as not providing evidence. Note. For estimated effects by WWC evidence classification, a single, pooled estimate of tau was calculated across all three design ratings. WWC = What Works Clearinghouse; df = degrees of freedom of the robust standard error; tau = estimated between-study standard deviation of true effect sizes.
The following moderators were tested in further metaregression models: student-level versus group-level unit of analysis, participant gender, participant grade level, general education versus special education setting, use of teacher training, dependent versus interdependent group contingency, length of intervention implementation, behavioral versus engagement outcomes, and measurement system for recording outcomes. The type of group contingency implemented moderated the results. None of the other moderators explained significant variability in the effect sizes.
Gradual effects model estimates. Table 2 also includes the overall effect size estimates, the estimates for each evidence classification, and an estimate for those studies that met reservations with and without reservations, all based on the gradual effects model. Figure 2 presents a forest plot of these effect size estimates. Results are presented separately for both disruptive behaviors and academic engagement. For disruptive behaviors, the average effect size across all studies and outcomes was d = 1.56, 95% CI = [1.25, 1.87], p < .001. These estimates indicate that the outcomes from the intervention phases represented approximately a 1.5 standard deviation improvement over baseline. The effects were found to be heterogeneous, with an estimated betweenstudy SD of 0.42 (I 2 = 25%). The effect size estimates associated with each level of evidence were progressively larger, with those meeting without reservations larger than those meeting with reservations. Both estimates were also larger than those not providing evidence.
For academic engagement, the average effect size across all studies and outcomes was d = 1.88, 95% CI = [1.38, 2.38], p < .001. The effects were heterogeneous, with an estimated between-study SD of 0.72 (I 2 = 67%). The effect size estimates associated with each level of evidence were not linear with those meeting with reservations larger than those meeting without reservations. Both estimates, however, were larger than those not providing evidence.
None of the potential moderating characteristics explained a significant amount of variability in the effect size estimates based on the gradual effects model. Table S3 in the supplementary materials provides further details.
Immediate and gradual effects model comparison. For most studies, effect size estimates based on the gradual effects model were smaller than those produced by the immediate effects model. There are only a few instances where the discrepancies are large, indicating that these models generally performed similarly. Figure S3 in the supplemental materials presents a plot comparing the models.
Discussion
The purpose of this review was to provide an update to a previously published systematic review and meta-analysis of the group contingency literature. As noted in the introduction, it is essential that researchers expend the resources necessary to update evidence reviews to ensure dissemination of the most current information. As such, the present review was conducted to evaluate and synthesize recent group contingency research to determine if there was additional information that could be used to support its use in practice. Another goal of the review was to revisit the methods used to analyze and synthesize results from included studies, from both a visual and statistical standpoint. The visual-and meta-analytic procedures used within the current article represent important extensions to those used previously and are advanced as critical updates in their own right. In the remainder, we summarize the results of this updated evidence review, provide some observations about the methodological advances used, and provide some recommendations for future systematic reviews of single-case research.
Updated Evidence Evaluation
The research on group contingency interventions appears to be robust with the identification of 40 total studies containing 148 unique cases providing evidential support for the intervention. These cases represented both student and classroom levels of behavior, with both meeting the WWC criteria for the number of cases, studies, and independent research teams needed to deem a practice as evidence based (Kratochwill et al., 2013) . As such, there is empirical support for using group contingencies to target individual or group behavior. It is important, however, to consider sample and intervention characteristics of the included evidence in determining the students and contexts to which this intervention might apply (Maggin, 2015) . Regarding generalization, the results are consistent with many of the observations made in the original review. For instance, the evidence base remains predominantly focused on students in late elementary and early middle school although recent research on group contingencies appears to be expanding to adolescents and high school students (e.g., Mitchell, Tingstrom, Dufrene, Ford, & Sterling, 2015; Trevino-Mack, Kamps, & Wills, 2015) . A large majority of behaviors represented in these studies were less severe, such as calling out and outof-seat behaviors, rather than aggressive behaviors. Furthermore, the average implementation time of group contingencies was less than an hour and most of the research took place in general education classrooms. Related to the latter point, there remains a dearth of research examining the use of group contingencies for students with disabilities or in special education classrooms. These findings suggest the need for more research to establish the effectiveness of group contingencies in special education settings and for students with disabilities.
The results of the present review also emphasize the need for additional research to understand the specific characteristics of those students who do and do not respond to group contingencies. Many demographic details were missing from the included reports, which presented difficulties for making strong recommendations. Perhaps more important than demographics, there was virtually no mention of functional characteristics of students in the included studies. Such a lack of information is striking, considering that, according to behavioral learning theory, function is essential for determining for whom the intervention is expected to work (Maggin, 2015) . Results also suggest that group contingencies are often implemented with additional components, such as student self-monitoring and modeling the behavioral expectations, or perhaps varying expectations to address a range of functions. It is therefore possible-if not likely-that practitioners with a firm understanding of behavioral principles could extend these methods to a variety of behavioral functions (e.g., Maggin, Zurheide, Pickett, & Baillie, 2015) . There remains a need for research to investigate such extensions through additional, rigorous experimental studies.
Methodological Observations
The current review extended previous research by employing novel data and visual analysis procedures to evaluate the available research base. In the following sections, some observations are provided on these issues.
The methodological area that has received the most attention since the publication of the original group contingency review has been single-case effect sizes (Shadish, 2014) . Within the current update, we used two BC-SMD effect sizes based on somewhat different modeling assumptions. The most salient difference between these approaches is that the immediate effects model assumed that the data are stable and that the intervention effects are modeled as an overall level change, whereas the gradual effects model accounts for nonlinear data trends in the initial intervention phase and any subsequent phases. As many single-case researchers would attest (e.g., Gast & Spriggs, 2014 ), the latter model represents an important progression, given that many data patterns have perceptual trend. For the group contingency data, however, it appears that the influence of trend was generally small given that both effect size models produced similar results (see Figure S3 in the supplementary materials). These findings might signal to some that the models are essentially equivalent and that the more parsimonious approach would be preferred. To the contrary, we would argue that model selection should be informed both by visual inspection of the results and by underlying theory of behavior change. Consequently, we recommend that researchers attend to the statistical modeling assumptions that underpin effect size indices for singlecase data to make informed decisions when selecting an effect size model that takes into account the data, the theorized intervention effect, and the research questions of interest.
The selection of an appropriate model for computing effect sizes is critical, yet there is also a need to acknowledge that the data requirements associated with the BC-SMD methods led to the exclusion of one third of the studies providing evidential support. If excluded studies differ in some systematic way from included studies, results of the meta-analysis would indicate bias. Addressing this lack of coverage will require the development of methods for including evidence from studies with fewer than the required number of cases. Incorporating external estimates of model parameters (such as the ICC, representing the proportion of variation in an outcome that is between cases) in estimating effect sizes represents one avenue. Another alternative would be to combine data across groups of studies that use common procedures for assessing the dependent variable, essentially creating "synthetic" studies with a sufficient number of cases to apply BC-SMD estimation methods.
The exclusion of some studies from the meta-analysis underscores the important role that visual analysis has within systematic evidence reviews of single-case research. That is, visual analysis is an important component of evaluating single-case research because it readily extends to all cases and studies within a review (Kratochwill, Levin, Horner, & Swoboda, 2014) . For the current review, the WWC application standards were used to guide visual analysts (Kratochwill et al., 2013) . Among the most prevalent criticisms of visual analysis, however, is that these methods can be subjective and, within the context of a systematic review where the graphs are often not readily available to readers, lack the transparency necessary to be fully evaluated (Horner, Swaminathan, Sugai, & Smolkowski, 2012) . The current review took a step toward addressing this issue by applying a comprehensive visual analysis protocol advanced by Gast and Spriggs (2014) and making the results available to readers. By providing access to this information, it was our intention to provide readers with the opportunity to scrutinize and verify our results. We view this as a critical step toward developing more rigorous and transparent review methods for single-case research.
Recent scholarship on the use of statistical and visual analyses within systematic reviews and meta-analyses of single-case research has noted the importance of using these methods together (Kilgus, Riley-Tillman, & Kratochwill, 2016) . In an effort to demonstrate the complementary role of visual and statistical analyses, the research team compared the average effect size estimates across the evidence classifications derived from the WWC standards. Results provided evidence that the average effect sizes for disruptive behavioral outcomes were larger for those studies meeting evidence standards versus those not meeting evidence standards. The correspondence between the evidence classifications and statistical analyses provide additional confidence in the classifications and represent one approach to use these methods together. However, the correspondence between some of the statistical analyses and evidence classifications were not fully consistent. For instance, the effect size estimates associated with academic engagement outcomes were larger for those studies meeting evidence standards with reservations than for those meeting without reservations.
On the surface, these findings are counterintuitive because cases with stronger classifications should logically have higher results. This is not necessarily the case, however, because visual analysts are concerned with a variety of other aspects aside from the magnitude of effect (Kilgus et al., 2016) . That is, visual analysts must determine whether the conditions for establishing experimental control were met. This requires considering a variety of methodological aspects aside from the magnitude of treatment responses alone (Vannest & Ninci, 2015) , such as the number of phase contrasts, the number of data points present within each phase, and interrater agreement indices, all of which contribute to making evidential judgments. Consistent with this view of experimental control, the WWC evidence classification system prompts the user to weigh a series of methodological characteristics in addition to the strength and consistency of the data patterns (Kratochwill et al., 2013) . Whereas the effect size estimates represent the overall magnitude of effect regardless of research design issues, the visual analyst is more attuned with the range of characteristics required to deem the research as rigorous. The results reflect these different approaches in that some studies demonstrated larger effects despite having some methodological limitations. For example, a study might be downgraded to meeting evidence standards with reservations because the phases have three data points per phase even though there are large and consistent-level changes across baseline and intervention.
The association between methodological rigor and effect size magnitude has been an important issue in betweengroup experimental research (Moher et al., 1998) . We believe that this question, and methods for separating assessments of methodological rigor from assessments of effect magnitude, requires much further investigation in the context of single-case research. Still, findings from the present investigation provide support for the recommendation of using statistical and visual analyses together within systematic reviews and meta-analyses that would aim to inform evidence-based practice.
Conclusion
The current review provided an update to a previously published systematic review and meta-analysis of the group contingency research. These updates related to both the identification of research conducted since the publication of the initial review and to the procedures used to synthesize and present results. As with the initial review (Maggin et al., 2012) , findings provided strong support for the use of group contingencies in general education classrooms. The BC-SMD effect size estimates used in this review are on a different scale and are, therefore, difficult to compare directly. However, similar analyses in the original review led to similar conclusions. Moreover, there remains a need for researchers to continue to investigate issues related to determining for whom group contingencies are most likely to work. Providing this information to practitioners would allow for the development of more proactive adaptations to the basic group contingency protocol and could increase the efficiency with which students receive the necessary augmentative supports. As the field continues to develop this knowledge base, it appears that group contingencies warrant use in general education classrooms to address disruptive behaviors and promote increased academic engagement.
